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CONCEPT IDEA

• Main design principles: The basic unit is a compact device (Issued Patent Number P202430621)

consisting of a charging (CSP), a storage (LHTES) and a heat-to-power conversion (TPV) system

that can be replicated to form the CSP-LHTPV system, though a bottom-up approach;

• Targeted Key Performance Indicators (KPIs): a) 4-8 h discharging period, b) 1-2 h charging

period, c) Input power within 10-20 kWth;

• Main design challenges: Excesive heat losses from a) Solar aperture and b) LHTES system lateral

walls.

LHTES SYSTEM THERMAL ASSESSMENT

• Use of ANSYS Fluent v24.R2 to carry out 3D transient simulations;

• Numerical model based on the enthalpy porosity approach;

• Input sunlight power of Qin,net~6.35 kW/aperture by assuming symmetry and

simulating ½ of the domain. Remission losses to environment are also calculated;

• The PCM (FeSiB alloy) liquid fraction (LFR) varies from 0 (solid) to 1 (liquid) during

phase change;

• Mode A: Simultaneous Charge/Discharge (Daytime). Mode B: Charge-only

(Daytime). Mode C: Discharge-only (Night-time). Mode D: Storage-only (Night-time).

OBJECTIVES

• To thermally assess the performance of a FeSiB-based latent heat thermophotovoltaic (LHTPV) system coupled with beam-down concentrated 

solar power (CSP) optics targeting for ultra-high temperature (UHT) energy storage and conversion (~1250 oC). 

• To study several insulating methods (1layer GFM vs. 2 layers of GFM & FSB of different thicknesses) and assess for which overall thermal

resistance value, several predefined design principles are met (GFM: Graphite Fiber Mat, FSB: Fumed Silica Board)

CONCLUSIONS

• A CSP-LHTES concept, currently being developed within the framework of

SUNSON Project, has been assessed.

• The proposed concept complies with several targeted KPIs.

• An appropriate insulation method is needed (with a thermal resistance of at

least ~0.46 m2K/W).

• KPIs met: a) operating temperature (~1250 oC), b) incoming power per

module (~4-5 kW/ solar aperture, under realistic conditions), and, c)

predicted charging/ discharging times (~1 h charging and ~ 4 h discharging)

• For the specific design and materials selected the insulating method affects

more Modes A, C and D.

• During Mode A & B the lateral heat losses play a less important role if to be

compared with the solar aperture losses.

• In a future work of our group the up-scaled system will be studied.
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Adiabatic-Ideal ∞ 0.89 - - - 1.35 - -

Adiabatic ∞ 1.20/ 0 % - 3.84/ 0 % 0 2.30/ 0 % - -

GFM:2 cm 0.092 1.34/ 12 % 0.1 3.12/ 18.61 % 0.27 3.71/ 61 % 0.102 11.14

GFM:6 cm 0.276 1.27/ 6 % 0.056 3.38/ 12.07 % 0.15 2.62/ 14 % 0.055 19.84

GFM:10 cm 0.460 1.25/ 4 % 0.048 3.43/ 10.64 % 0.12 2.59/ 13 % 0.046 24.04

GFM:8cm-FSB: 2cm 0.660 1.24/ 3 % 0.043 3.46/ 9.86 % 0.11 2.47/ 7 % 0.042 27.09

GFM:6cm-FSB: 4cm 0.850 1.24/3 % 0.041 3.48/ 9.34 % 0.10 2.45/ 7 % 0.040 28.81

Results

• Results give insights on the system thermal performance and prove its operability under various insulating methods (with thermal resistance within ~0.1-0.85 m2K/W);

• Main observation: The solar aperture losses limit the system efficiency, which even under adiabatic conditions cannot go beyong 60% (Mode A) and 80 % (Mode B).
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Summary of all studied results

CSP-LHTPV concept Operating modes

blue: deviation from adiabatic conditions less than 10 %

tcharge/ tdischarge: phase changing time. dev:  eviation from “adiabatic conditions”

tstorage: time needed before the system loses its stored latent heat (~6.88 MJ) plus its sensible 

heat ~0.6 MJ Qloss: LHTES system losses Qin: Incoming thermal flux to the LHTES system
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